Abstract: The Tajan River was investigated for one year in seven stations, analyzing the relationships between physical properties, water chemistry and aquatic macroinvertebrates. Biotic and diversity indices were compared with canonical unconstrained (CA) and constrained (CCA) ordination to test different methods able to estimate river ecology status. An upstream-downstream gradient was emphasized, in presence of anthropogenic stressors, coming from trout farms, paper factory, agriculture, urbanization, river regulation; the first CCA axis emphasized a natural gradient, bound to altitude, source distance, water temperature, the second CCA axis a pollution gradient. Biotic and diversity indices detected three polluted stations: S3, downstream the Korcha tributary, S6 downstream a paper factory and S7 situated after the Sari town. S4 showed high macroinvertebrates densities, which were attributed to the presence of a dam. Both multimetric and multivariate methods emphasized the need to separate the influence of natural variables from anthropogenic stressors in the Tajan River. To separate the influence of longitudinal gradient from the influence of pollution, it was suggested to evaluate the anthropogenic impact as deviation from a regression line, considering a multimetric index as dependent variable and source distance as predictor variable. The definition of reference sites was problematic in this poorly investigated area and a progress in taxonomic resolution is in any case recommended to better define the ecological status of these waters.
Introduction
There are many areas in the world where surface waters are the only source of water supply for domestic, agriculture and industrial uses, these waters are at high risk to receive a lot of different kinds of pollutants (Karr 1998; Sharma & Chowdhary 2011) .
Biotic indices using macroinvertebrates have been used for a long time, together with physical and chemical parameters to monitor anthropogenic stress (Washington 1984; Metcalfe 1989; Reynoldson 1992; Lenat 1993; Kenney et al. 2009 ). The rationale behind the use of benthic macroinvertebrates was that different taxa exhibit different tolerance to pollution (Cooper & Knight 1991; Aura et al. 2011) .
Different stressors affect community diversity ); a decrease of the abundance of sensitive species (EPT) and their diversity was reported downstream the entrance of agricultural farms waste water (Song et al. 2008) . Trout fish farm residues were reported as responsible of diversity reduction and tolerant species increase in downstream stations (Johnson et al. 1993; Loch et al. 1996; Yokoyama 2007) .
The aim of the present study was to investigate the relationships between physical, chemical variables and benthic macroinvertebrates inhabiting the Tajan River in Iran. Few information is available about macroinvertebrates in Iranian rivers (Varnosfaderany et al. 2010; Abbaspour et al. 2013; Shirood Mirzaie et al. 2013 ), even if two previous studies were carried out about macroinvertebrates in the same river analyzing: (1) the relationships between environmental factors and benthic macroinvertebrates (Sharifinia et al. 2012) , (2) the impact of fish farm effluents on benthic macroinvertebrates (Namin et al. 2013 ). The present study is an attempt to analyze the same relationships with a more accurate sampling plan and data analysis including both multimetric and multivariate analysis (Cao et al. 1996) . Other objectives of the present research are to enhance knowledge of benthic macroinvertebrates in a still poorly known area and to develop a monitoring method able to detect stressors using benthic macroinvertebrates.
Study area
The Tajan River is a permanent river draining into the Caspian Sea, its mean annual water discharge is 19.4 m 3 s
−1
on the average at its mouth (Saeidi et al. 2007 ), but it is subject to ample variations, with maximum flooding of the river reached in 1979 when there was a moment maximum flow of 650.9 m 3 s −1 . The daily maximum flow from 1979 c 2014 Institute of Zoology, Slovak Academy of Sciences (Mehrdadi & Bagvand 2004) . The dam construction heavily reduced the river discharge in the last years.
The Tajan River has a significant role in Caspian Sea eutrophication and pollution. The river (Fig. 1) originates from Alborz mountain range in Northern foothills. River length is about 140 km with a 4147 km 2 basin area (Farajzadeh & Fallah 2009). Sampling locations included seven stations along the river; the stations were selected with the aim of characterizing the different reaches of the river and of detecting the main sources of pollution. The seven selected stations (Table 1) did not correspond with the five stations selected in the previous research (Sharifinia et al. 2012; Namin et al. 2013) .
Station 1 (S1) is located in Shirin roud mountainous area at an altitude of 757 m a.s.l., 14 km downstream the source. The substrate is composed of boulder and cobbles.
It is about 7 m wide, few cm deep with a gentle slope. EC has a mean value of 456 µS, the station is not affected by human activity.
Station 2 (S2) is located in the same area, 1 km downstream of Station 1, at an altitude of 744 m a.s.l. and 15 m after a trout farm effluent. The substrate is composed of boulder and cobbles. Width and depth are similar to station 1, see 
Material and methods

Macroinvertebrates and water sampling
Benthic macroinvertebrates were sampled with a Surber net 30.5 cm wide, with 60 µm mesh size; samples were collected monthly from October 2011 to September 2012. In each station three samples were collected near the shore at different distance from the center of the river, samples were preserved in 4% formaldehyde. The samples were sorted under a dissecting microscope and identified to the lowest possible taxonomic level, following different keys (Hynes 1977; Elliott et al. 1988; Milligan 1997; Pescador et al. 2004 ).
The measured physico-chemical variables were: water temperature, water flow, pH, total dissolved solids (TDS), NH and dissolved oxygen (DO). The water samples were collected contemporarily with benthic samples. pH, temperature, TDS and DO were measured in the field, the other variables were measured in the Mazandaran regional water authority laboratory using the APHA (2005) methods.
Data analysis
The means of the counts of the three samples collected in seven stations during twelve months were included in data analysis to have 84 = 7*12 records. Counts were transformed to ind. m −2 . Both multimetric and multivariate methods were used to analyze the data.
Macroinvertebrate metrics were calculated using the AQEM/STAR ASTERICS software (AQEM 2002; AQEM Consortium 2006; Hering et al. 2003 Hering et al. , 2004 (http://www. fliessgewaesser-bewertung.de/en/download/mberechnung/). The following metrics were considered in particular: total number of specimens, number of species, biological monitoring working party (BMWP), average score per taxon (ASPT), Ephemeroptera, Plecoptera and Trichoptera (EPT) expressed both as numbers of EPT taxa, % of EPT taxa over total taxa, and % of EPT abundance classes, species at risk to organic (SPERO) and pesticides (SPEARP) indices (http://www.systemecology.eu/ spear/spear-system/), Margalef and Shannon diversity indices, Saprobic indices (SI) according to different European countries. The Asterics software allows also the assignment to a Quality Class, assumed that a protocol of a European member state is selected. A national method and protocol for Iran inland waters is lacking at present, so different methods from different European countries (Sweden, The Netherlands, Austria, Czech Republic, Germany, Croatia, Portugal, Italy, Greece) in different stream types submitted to different stressors were tested, with the limit that assessment systems were calibrated in Europe for multihabitat samples, a more extensive method than sampling applied in this study. The stream types selected were the ones that because of their described characteristics (altitude, substrate etc.) were supposed more similar to the Tajan River.
The Hilsenhoff Family Biotic Index (HFBI) was also calculated (Hilsenhoff 1988 ) using the indicator weights given in http://lakes.chebucto.org/ZOOBENTH/BENTH OS/tolerance.html, the method was frequently used for categorizing water pollution (Lenat 1993; Voelker & Rann 2000) .
Pearson correlation coefficients and their significance were calculated for all variables, including physico-chemical variables, abundances of all taxa, biotic and diversity indices. One-Way ANOVA was used to compare the stations, using different months as replicate samples. Tukey test was selected for multiple comparison of stations. Each environmental variable and biotic index were included as dependent variables.
Instead of the quality class calculated by Asterics using the protocols from different countries, a multimetric index (MRM) was tentatively calculated rescaling the values of 33 selected metrics between 0 and 1, subtracting to 1 the metrics decreasing with ecological quality and computing the mean of all the rescaled metrics.
Correspondence (CA) and canonical correspondence analysis (CCA) were carried out to analyze the relationships between environmental variables and benthic community composition (Leps & Smilauer 2003) . Taxa counts were log 10 (x + 1) transformed for normalization. CCA is a constrained form of correspondence analysis (CA), which orders sites according to similar faunal composition. CA ordination gives ordination axes which are not constrained to be related to environmental variables, but these ordination axes can be related to the environmental variables in a second step (see envfit function in vegan package). All the analyses were carried out using the R statistical project http://www.rproject.org/ with the additive packages vegan (CA, CCA) and Hmisc (rcorr).
Results
All environmental variables in the Tajan River showed increasing values from S1 to S7, emphasizing an upstream-downstream gradient, except DO which decreased. Deviation from the upstream-downstream gradient was observed in some stations, especially in S3 and S6, the details are discussed below.
River discharge increased downstream, with a significant increase between S3 and S4 and between S4 and S5 due to the confluence of the Sefid Roud and Chahardongeh tributaries (Fig. 2) . Maximum discharge was observed in spring, minimum in summer, except in S4 where the minimum discharge was observed in winter, because of the partial closure of the dam gate. This explains the large dispersion of values observed in S4. The pH during the investigated period ranged between a minimum value recorded in S2 in summer (7.2) and a maximum value in S4 and S5 in winter (8.4). The lowest mean values were measured in S2 (Fig. 2) .
Water temperature increased downstream with high seasonal fluctuations in S3, S5, S6, S7 (Fig. 3) , both TDS (Fig. 3) and EC (Fig. 4) showed a significant increase from S1 to S3, a significant drop was observed in S4, followed by a moderate increase downstream. Dissolved Oxygen (DO) concentration ranged from 5.3 to 11.9 mg L −1 with significant decreases in S3 and S6, most pronounced in the summer season (Fig. 4) . A Tukey range test emphasized that there were no significant increments of EC between contiguous stations (Fig. 5) , while dissolved oxygen significantly decreased between contiguous stations, except from S4-S5 (Fig. 5) . PO 3− 4 showed a maximum of 620 µg L −1 in S2 in May, and a minimum of 10 µg L −1 in S6 in June, with moderate increase downstream, without significant differences among stations, but with fluctuations marked between months (Fig. 5) . NO (Fig. 6) , NH + 4 ranged between 3 (S1 in winter) and 630 (S7 in spring) µg L −1 , increasing significantly in S4 (Fig. 6) .
One year of sampling in the Tajan River gave 43,122 benthic macroinvertebrates specimens; 34 taxa were identified belonging to 5 classes, 12 orders and 31 families (Table 2) .
Diptera were dominant in all stations except in S5 and S7, where Ephemeroptera were abundant, Plecoptera were present only in S1 and S2, while Trichoptera were abundant in S4, Coleoptera were always below 3% and Mollusca reached 1% only in S3.
Biotic and diversity indices were calculated using the Asterics software (See Data analysis). All the indices increasing with quality had significantly lower values in S3 and S6, while the indices increasing with pollution had significantly higher values in the same stations (Figs 7-10) with few exceptions.
HFBI index showed minimum values in S1, significantly lower than the values calculated in other stations, while S6 downstream the paper factory showed maximum values, significantly higher than those of the other stations.
EPT, BMWP, ASPT indices gave results similar to each other, with maximum values in S1 and values substantially lower in S3, S6, S7. The most evident decrement was observed from S1 to S3 and from S4 to S6 (Figs 7, 8) .
The SI Czech Saprobic index was in agreement with the HFBI in upstream stations, but with similar values in the downstream section (Fig. 9) . Biotic index (IBE-AQEM) decreased downstream, with a marked drop in S3 (Fig. 9) . Shannon diversity was highest in S1 (2.05) and lowest in S3 (1.34) (Fig. 10) . Number of intolerant taxa, Margalef and Shannon diversity indices had values decreasing downstream, here again with a significant drop in S3. The Evenness index largely fluctuated between months in S3 and S5 (Fig. 10) . . Electric conductivity (EC) µS cm −1 , Tukey test: differences in station means with 99% confidence levels, the differences are significant when both upper and lower limit of confidence levels have the same sign, significant differences of contiguous stations are represented with a double line, significant differences between non contiguous stations are not highlighted (upper left), dissolved oxygen (DO) mg L −1 , differences in station means with 99% confidence levels (upper right), total phosphate (PO , BMWP, Tukey test, differences in station means with 99% confidence levels, the differences are significant when both upper and lower limit of confidence levels have the same sign, significant differences of contiguous stations are represented with a double line, significant differences between non contiguous stations are not highlighted (lower right). A summary of selected metrics is given in Table 3 . The values are the means of 12 samples collected in 12 month in 7 stations. In the last column it is specified if a metric is increasing or decreasing with quality.
The Asterics software allowed calculating the ecological quality class for a selected stream type and stressor from different countries protocols. The ecological quality classes reported are the means of values of 12 months of each of the seven stations (Table 4 ). The value of 5 corresponded to the high class, 4 to good, 3 to moderate, 2 to poor and 1 to the bad class. It was assumed that when the mean value of a station was not an integer, it was assigned to the class with the nearest upper integer value, for example values 2.4 and 2.9 were assigned to the moderate class 3.
Pearson correlation coefficients between physicochemical variables, biotic and diversity indices are presented in (Table 5) . Most natural environmental variables (altitude, source distance) correlated with biotic indices, variables more influenced by anthropogenic stress as DO and TDS also correlated, but others (PO4 3− , NO3 − , NH + 4 ) did not significantly correlate. EC significantly correlated with biotic indices.
The MRM (Table 3 , Fig. 11 ) values were plotted against source distance (R 2 = 0.63, F = 8.53, df = 5, P < 5% ). Residuals from the regression were calcu- lated and are in Fig. 11 . Arbitrarily dividing the MRM values in 5 equal intervals, an ecological quality class (EQC) was tentatively assigned to each station (Table 3). Both CA and CCA emphasized that the first ordination axis accounted for a large proportion of total variance (19% and 16%, respectively), the second axis accounted for a smaller proportion (9% and 4%, respectively).
The first axis of both CA (Figs 12, 13) and CCA (Figs 12, 14) ordered stations according to an upstreamdownstream gradient, with one exception, S7, which had a lower score than S6 in both analyses. The second CA and CCA axes separated S6 from the other stations, CCA separated also S4 and S5 which were opposed to S6 (Fig. 12) .
The taxa were separated accordingly: Capnia and Protonemura (Plecoptera), Epeorus (Ephemeroptera) and Liponeura and Dicranota (Diptera) had high negative values of the first axis of both CA and CCA, while the Lumbriculus, Tubifex, Einseniella (Oligochaeta) and Tabanus (Diptera) showed positive values. The taxa with high negative scores were related to altitude and DO while the taxa with high positive scores were related with source distance, river discharge, EC, water temperature and TDS (Figs 13, 14) . Capnia, Epeorus, Protonemura and Liponeura were the species which correlated more with DO, Sericostoma Rhyacophila and Hydropsyche (Trichoptera) also correlated with DO. All Diptera, except Liponeura, inversely correlated with DO.
The second CA and CCA axes separated Oligochaeta (Tubifex, Lumbriculus, Einseniella) and Diptera (Tabanus) from the less tolerant species Rhithrogena, Ephemerella, Rhyacophila and Phagocata. It is emphasized that the second CA axis has an opposite sign of CCA in the corresponding stations, so the two axes are inversely correlated (Table 5) .
Discussion
Prior to the present research macroinvertebrates of the Tajan River were investigated in 2010-2011 in five stations with qualitative seasonal samples (Sharifinia et al. 2012; Namin et al. 2013 ) and 29 taxa were reported. In the present research 34 taxa were identified, with only 15 taxa in common to the two investigations. This could be surprising because the samples were collected in a similar period and in the same area, even if in the present research 2 more stations were added and more samples were collected. The differences in the list of taxa observed, despite the low taxonomic resolution (family, genus), suggest the need of a more accurate taxonomic analysis in the area (Verdonschot 2006) . In both investigations benthic macroinvertebrates emphasized an upstream-downstream gradient. All physico-chemical variables showed an increase along the river course, accompanied by a decrease in DO.
In the upper course trout farms, agriculture effluents and domestic sewage coming from the residential areas of Siah-Dasht and Korcha were responsible of water pollution, here the natural upstream-downstream gradient was accentuated by pollution events. A substantial reduction of water quality in S2 compared with S1 was bound to trout farm effluents, while the reduction of quality in S3 compared with S2 was ascribed to agriculture farm and residential area effluents. DO values decreased and the parameters measuring water pollution (Soofiani et al. 2012 ) increased significantly from S1 to S3.
A clear worsening of water quality downstream was not emphasized. Comparing downstream stations S4, S5, S6, S7 to each other, stressors gave contrasting evidence.
Moving from S3 to S4 a reversal in the upstreamdownstream gradient was observed as documented by environmental variables (TDS, EC, DO), biotic indices (EPT, HFBI, BMWP, ASPT, IBE, SPEARP) and diversity indices (Shannon, Margalef). The countertrend from S3 to S4 should be ascribed to an autodepuration capacity of the river, thanks to the absence of other sources of pollution. Downstream S4, different sources of pollutants were again present, contributing to worsening of the river quality and determining river modifications in the same direction of the upstreamdownstream gradient. BMWP, IBE, Shannon and Margalef indices supported this conclusion. In contrast, EC, DO, HFBI, ASPT, Czech SI and SPEARP emphasized the poorer status of S6 comparing to S7. Low DO and poor ecological status in S6 was related to paper factory effluents entering from the upstream area. Agricultural farm effluents and domestic sewages incoming from the outskirts of Sari town (Aura et al. 2011 ) upstream S7 explained the poor status in S7, giving reasons of the contrasting results observed in comparison with S6.
The peculiar condition of S4 in comparison to downstream stations was evidenced by the high NH (Fig. 6) . A dam downstream S4 probably acted as a trap for nitrogen salts and was responsible of high abundances of some taxa (Baetis, chironomids, Hydropsyche, Rhyacophila, Simulium, Erpobdella). However, a high number of intolerant taxa was observed there (Fig. 10) . Therefore the contrasting effect of dam should be better investigated (Van Looy et al. 2014) .
In summary, biotic indices supported the conclusions coming from chemical analyses in most cases, but some details differed. A relation between diversity indices and chemical variables was observed in other Iranian rivers, such as the Zayandeh Rud River, where Shannon diversity index showed a positive correlation with percentage of oxygen saturation and a negative correlation with TDS (Varnosfaderany et al. 2010) .
CCA results confirmed most of the conclusions suggested by biotic and diversity indices. The first axis emphasized an upstream-downstream gradient, while the second CCA axis separated stations affected by different pollution sources, including S4 affected by the presence of the dam upstream (Fig. 14) .
In the Trajan River environmental variables describing natural conditions (altitude, source distance etc.) correlated to some extent with variables describing anthropogenic stress (DO, EC, TDS et c.). The consequence is that all multimetric indices and multivariate methods tested emphasize that benthic macroinvertebrate composition is deeply influenced both by an upstream-downstream gradient and by an anthropogenic impact. With only this information available, the detection of stations altered by anthropogenic influences should be achievable measuring the deviations from the linear upstream-downstream gradient. This is evident examining boxplots in Figs 8 and 9, in which S3 and S6 are clearly shifted along the longitudinal gradient (ASPT in Fig. 8 , SPEARP in Fig. 9 ) and even more in Fig. 11 , where the residuals of a regression between MRM and source distance are plotted. CCA results separating a natural upstream-downstream gradient in the first axis from a pollution gradient in the second axis support this conclusion. However, the second CCA axis is correlated also with altitude, water temperature and EC (Table 5 ) and is unable to clearly detect polluted stations. The second CA axis is not correlated with environmental variables and biotic indices, suggesting that the community analysis alone, composed by taxa identified to family or genus, is only roughly able to detect pollution events, and not more subtle differences.
In European countries different typologies were defined for different streams and stressors (Ofenböck et al. 2004; Czerniawska-Kusza 2005) and recently also for different stream reaches of the same stream (Levin et al. 2013) .
The applicability of national methods used in different European countries was tested (Table 4 ). The Italian protocol assigned all stations to a bad quality class, except S1, which was assigned to the poor class, the Greek (winter) protocol assigned only S5 to poor class, all the other stations were assigned to bad. The Portugal protocol assigned S1 and S2 to moderate class and the other stations to bad. The other European countries protocols gave a more widespread classification of stations in better agreement with chemical data and biotic metrics. The Swedish protocol did not separate S1 and S2, assigning them to high class, while S3, S4, S5 were assigned to moderate class, the Netherlands protocol was probably the one which reflected better the chemical and biological metrics measured in the Tajan River (Table 3) . Future research is needed to develop multimetric indices better suited to different Iranian stream types.
In the present situation it is suggested that upstream and downstream stations may be assigned to different stream types, so they should be compared with different reference sites, unfortunately in the Tajan River, almost all sites are somewhat polluted, and true reference sites cannot be located.
The present attempt was to analyze the Tajan River stations considering metrics developed in different European countries, supposed to be reference sites of the Tajan River (Birk & Hering 2006) , unfortunately the attempt gave very contrasting results, emphasizing that the Tajan River probably belongs to one or more stream types which do not conform to any European typology. So the need of defining national protocols specific for different stream types and stressors is emphasized by the present results. For the Tajan River it is tentatively suggested to search for at least two different reference sites, the former for the upstream reach (Springe et al. 2006; Levin et al. 2013) , the latter for the downstream reach.
